Fine particles of bismuth-substituted yttrium iron garnet doped with aluminum , gallium and indium ions are prepared by coprecipitation method. The films with these particles are obtained by dispersing particles on glass substrates with an appropriate epoxy binder. The magnetic and magneto-optical properties of the particles and the films are examined. The lattice sites occupied by aluminum, gallium and indium ions are determined by the relationship between the saturation magnetization and substitution content. The canting of the magnetic moments from the average magnetization axis of the iron ions is deduced in the indium substituted particles . The figure of merit of indium substituted samples remains constant up to the substitution content of 0.5.
Introduction
Since bismuth yttrium iron garnet (Bi-YIG) film has a large Faraday rotation in visible wavelength, it has been believed that the Bi-YIG could be the most promising material for magneto-optical devices. The films of Bi-YIG can be prepared by various techniques, i.e., sputtering and liquid phase epitaxy. Recently, another subtle technique was also developed by Hirano et al, where the Bi-YIG particles were dispersed in epoxy binder and coated on glass substrates. The method was further optimized, and magneto-optical properties comparable to the film prepared by sputtering method were attained. However, better performances of magneto-optical properties of the film are necessary for development of magneto-optical devices.
There are two approaches to improve the magneto-optical performance of the Bi-YIG particles dispersed films, i.e., to reduce the absorption and/or to enhance the Faraday rotation. It is known that the Bi-YIG garnet structure has three crystallografically different sites, where the 24c dodecahedral sites are occupied by bismuth and yttrium ions and 16a octahedral and 24d tetrahedral sites are occupied by iron ions. The effective Faraday rotation is determined by the difference in the opposite contributions due to the iron ions on 16a and 24d sites. This implies that the substitution of nonmagnetic ions on the iron sites can change the Faraday rotation. Moreover, the absorption The lattice constant of indium substituted samples also exhibit the deviation above x = 0.7, although the lattice conversely expands with increasing the content. The increase in the lattice constant of the indium substituted samples is due to the substitution of indium ions onto the 16a sites. These behavior are consistent with the XRD profiles. The decrement in the lattice constant of gallium substituted samples is smaller than that of aluminum ones, which is associated with the size of the nonmagnetic ion relative to that of iron ions in the 24d sites. Gilleo et al. also reported the similar tendency in YIG particles6).
Magnetic characterization
The substitution site of nonmagnetic ions in the garnet crystal was also determined by the saturation magnetization (M,) of these particles at 5 K. Fig. 2 shows the content dependence of the M, of aluminum, gallium and indium substituted samples measured in a field of 10 kOe. The magnetization curve of Bi-YIG particles shown in the inset of samples were also measured for various substitution contents (Fig. 5 ). In spite of the successful crystallization, the M, shows a visible deviation from the Neel model above x=0.6. Thus the deviation should be due to the canting of the magnetic moments of iron ions on 24d sites.
Optical and magneto-optical properties
We turn to the optical and magneto-optical properties of indium substituted samples annealed at 650 •Ž. Fig. 6 shows the absorption coefficient a measured at three different wavelengths. The reduction in the a is observed with increasing the content for all the wavelengths, although the decrement measured at 633 nm and 700 urn is not 4 Summary Nonmagnetic ions (aluminum, gallium and indium) substituted Bi-YIG fine particles were prepared by coprecipitation and heat treatment. The film with magnetooptical particles were prepared by mixing with epoxy binder, milling and coating on glass substrates. The indium substituted particles were successfully prepared by optimizing the annealing temperature. The deviation of the magnetic characteristics from the Neel model can be interpreted by the canting effects of the magnetic moments of iron ions at 24d sites. The figure of merit persists up to x= 0.5 and shows a gradual decrease above this content. The optimization of drying condition of the film should be performed to clarify the detailed profile of the figure of merit as a function of the substitution content.
